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(71) We, C. Jim Stewart & Steven- 
son Inc., a Corporation organised and exist- 
ing under the Laws of the State of Texas, 
United States of America, of 1719 Preston 
Street, Houston, State of Texas 77002, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

Underwater hydraulic control valves, such 
as used in controlling production or drilling 
equipment in underwater wells have been con- 
trolled in the past by a plurality of electrical 
or hydraulic control lines. However, as the 
number of underwater devices to be con- 
trolled has increased, the physical size, num- 
ber and expense of the pilot or control lines 
required has increased, as well as increasing 
the likelihood of damage to the underwater 
extending lines, such as shown in United 
States Patent No. 3,460,614. 

The present invention is directed to various 
improvements in a hydraulic control system 
for controlling a plurality of nydrauhcaUy 
actuated underwater devices through a single 
hydraulic line in a desired sequence by apply- 
ing predetermined pressure levels through the 
single hydraulic control line. 

The present invention is generally directed 
to a single hydraulic control line extending 
underwater for controlling a plurality of 
hydrauiically actuated underwater devices. A 
pilot actuated hydraulic control Yalve is 
connected to each of the underwater devices 
for controlling the flow of hydrauiically 
actuating fluid to the underwater devices. A 
reference hydraulic manifold is connected to 
the single control line for mamtaining a re- 
ference pressure, and a signal hydraulic mani- 
fold is connected to the single control line for 
providing various control pressure levels 
therein. The pilots of each of the hydraulic 
control valves is connected to the reference 
manifold and to the signal manifold and the 



pilots of each of the valves is actuated by 
different pressure levels in the signal manifold 
whereby the underwater devices may be con- 
trolled in a predetermined sequence by apply- 50 
ing predetermined pressure levels to the single 
hydraulic control line. 

Yet a still further object of the present in- 
vention is the provision of a pressure regula- 
tor connected to the reference manifold for 55 
maintaining the manifold at a predetermined 
pressure. 

Still a further object of the present inven- 
tion is the provision of a hydraulic control 
yarve for each of the underwater devices hav- 60 
ing an inlet and an outlet for controlling the 
flow of actuating fluid to the underwater de- 
vices in which each of the control valves 
moves to an open and closed position by first 
and second pilot pistons in which the ratio of 65 
the cross-sectional area of the first piston 
relative to the cross-sectional area of the 
second piston of at least one of the valves is 
different from the ratio of other of the control 
valves. 70 

Still a further object of the present invention 
is the provision of an orifice valve and check 
valve in parallel and positioned in the re- 
ference manifold in which the check valve is 
directed to pass fluid towards the hydraulic 75 
control valves for providing a fail safe opera- 
tion. 

Still a further object of the present invention 
is the provision of an orifice valve and a check 
valve in parallel and positioned in the signal 80 
manifold in which the check valve is directed 
to pass fluid from the hydraulic control valves 
thereby providing a time delay for actuation 
of the control valves as well as a fail safe 
system. 55 

Yet a still further object of the present 
invention is the provision of connecting the 
circuits of the hydraulic control valves to 
provide various desired sequencing opera- 
tions. " 90 

Further features and advantages will be 
apparent from the followiug description of 



2 



1,505,496 



2 



presently preferred embodiments, given for 
the purpose of disclosure and taken in con- 
junction with the accompanying drawings, 
wherein: — 

5 Figure 1 is a schematic diagram of one 
embodiment of the present invention; 

Figure 1 A is a typical operation sequence 
schedule of the operation of the control sys- 
tem shown in Figure 1 ; 
10 Figure 2 is a schematic diagram of another 
embodiment of the present invention; 

Figure 2A is a typical operation sequence 
schedule of the operation of the control sys- 
tem shown in Figure 2; 
15 Figure 3 is an elevational view of a satis- 
factory valve assembly containing the hy- 
draulic control valves of the present invention; 

Figure 4 is a cross-sectional view taken 
along the line 4 — 4 of Figure 3 ; 
20 Figure 5 is a cross-sectional view taken 
along the line 5— 5 of Figure 3; 
Figure 6 is a cross-sectional view taken 
\ along the Kne 6—6 of Figure 3; and 

Figure 7 is a cross-sectional view taken 
25 along ihe line 7— 7 of Figure 3. 

While the present invention is useful for 
controlling various types of hydraulically 
actuated underwater devices, for purposes of 
illustration the present invention will be 
30 described only in connection with controlling 
subsea hydraulically actuated devices on a 
production well. 

Referring now to Figure 1, a subsea oil 
production well 10 is shown to which various 
35 conventional equipment, which is required to 
be actuated hydraulically and remotely from 
an above water location, is connected. For 
example, a subsurface safety valve 12 is 
connected to the well 10 and is urged to the 
40 closed position by a spring 14, but is hy- 
draulically actuated to an open position 
through a hydraulic line 16. The subsurface 
safety valve may be of any conventional type 
such as the Cameo B Series. In addition, the 
45 well may include a master valve 17 which is 
normally closed, but is actuated to the open 
position by a hydraulic actuator 18 through a 
line 20. The well may also include first and 
second wing halves 22 and 24 which are hy- 
50 draulicafly actuated to an open position 
through Knes 26 and 28, respectively. 

The present hydraulic control system, 
generally indicated by the reference numeral 
30, is provided for controlling the hydrauhc- 
55 aDy actuated underwater devices 12, 17, 22 
and 24 from a singie hydraulic control line 
32 which performs the control function of 
opening and closing the devices 12, 17, 22 
and 24, and preferably also provides the 
60 power actuating fluid for actuating the under- 
water devices. The control system 30 trans- 
mits its intelligence signals by specific and 
discrete pressure levels control valves to 
operate the devices 12, 17, 22 and 24 in a 
65 predetermined sequence of operation. Prefer- 



ably, in the illustration of the production weE 
10 shown in Figure 1, it is desired to sequen- 
tially open the subsurface safety valve 12 
first, then in sequence, the master valve 16, 
and then first and second wing valves 22 and 70 
24. 

A single hydraulic control line 32 is pro- 
vided leading from a control point to under- 
water adjacent the production well 10. A 
filter 34 is provided for filtering the hydraufic 75 
fluid. A signal manifold. 36 is connected to 
the single control line 32 and may be con- 
nected to an accumulator 39. Preferably, a 
variable orifice valve 40 and check valve 42 
are connected in parallel and positioned in the 80 
signal manifold 36 with the check valve direc- 
ted to freely flow liquid out of the accumula- 
tor 38 and manifold 36 as will be more fully 
discussed hereinafter. 

A reference hydraulic manifold 44, pre- 85 
ferabry including an accumulator 46, is con- 
nected to the single control line 32 through a 
forward pressure regulator 48 which main- 
tains the pressure in the reference manifold 
44 at a predetermined pressure. A variable 90 
orifice valve 50 and check valve 52 are pro- 
vided in parallel and positioned in the mani- 
fold 44 in which the check valve 52 is directed 
to freely flow fluid into the accumulator 46 as 
will be more fully discussed hereinafter. 95 

A plurality of pilot actuated hydraulic con- 
trol valves 54, 54a, 54b, and 54c are provided, 
one of which is connected to each of the con- 
trol devices, Thus, valve 54 is connected to 
line 16 for actuating subsurface safety valve 100 
12, control valve 54a is connected to line 20 
for controlling master valve 17, control valve 
54b is connected to line 26 for controlling 
wing valve 22, and control valve 54c is con- 
nected to line 28 for controlling whig valve 105 
24. Each of the control valves 54, 54a, 54b, 
and 54c includes an inlet and outlet for con- 
trolling the flow of hydraulic actuating fluid 
to its connected underwater device. Thus, 
valve 54 includes an inlet 56 and an outlet HO 
58, valve 54a includes an inlet 56a and an 
outlet 58a, valve 54b includes an inlet 56b 
and an outlet 58b, and valve 54c includes an 
inlet 56c and an outlet 58c The control valves - 
may also include a dump outlet Thus, valve 115 
54 includes a dump outlet 60, control valve 
54a includes a dump outlet 60a, control valve 
54b includes a dump outlet 60b, and control 
valve 54c includes a dump outlet 60c. The 
outlets 58, 58a, 58b and 58c are connected to 120 
the actuating lines 16, 20, 26 and 28, respec- 
tively. The inlets 56, 56a, 56b and 56c are 
preferably connected to a common hydraulic 
power line 62. While the line 62 may be a 
separate hydraulic power line for actuating 125 
the underwater devices 12, 16, 22 and 24, it is 
preferable that the line 62 be connected to the 
single control Hne 32 downstream of the 
pressure regulator 48 thereby providing a 
hydraulic control system 30 in which the 130 
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single line 32 provides not only the control, 
but the power fluid for operating the under- 
water devices 12, 17, 22 and 24. 
The hydraulic control valves include pilot 
5 ports for actuation of the control valves. Thus, 
control Yalve 54 includes a first pilot port 64 
which is connected to the signal manifold 36 
and a second pilot port 66 which is connected 
to the reference manifold 44. Similarly, valves 

10 54a, 54b and 54c include pilot ports 64a, 64b 
and 64c, respectively, which are connected to 
the signal manifold 36, and also include pilot 
ports 66a, 66*b and 66c, respectively, which are 
connected to the reference manifold 44. 

1 5 Referring now to Figure 3, a valve block 70 
is best seen which integrally contains all of 
the control valves 54, 54a, 54b and 54c. Re- 
ferring now to Figure 4, a cross-sectional 
view of valve 54 is best seen, shown in the 

20 dumping position, in which a valve element 72 
is movable to provide communication be- 
tween the inlet port 56 and the outlet port 
58 in one position or, as shown blocks the 
inlet port 56 and provides communication 

25 between the outlet port .58 and the dump port 
60 around the valve element 72. The control, 
valve 54 includes a first piston 74 exposed to 
the pilot signal port 64 and a second piston 
76 exposed to the pilot reference port 66. The 

30 pistons 74 and 76 are on opposite sides of 
seal element 72. As shown, the cross-sectional 
area of the pistons 74 and 76 are equal ; there- 
fore, the position of the valve element 72 will 
depend upon the relationship between the 

35 pressure in the reference manifold 44 and the 
pressure in the signal manifold 36. That is, 
when the pressure in the signal manifold 36 
increases beyond the pressure in the reference 
manifold 44, the piston 74 will move the seal 

40 element 72 to provide communication be- 
tween the inlet 56 and the outlet 58 to supply 
actuation fluid to the underwater device 12. 

The valves 54a, 54b and 54c similarly in- 
clude second pistons corresponding to the 

45 piston 76 of valve 54. Similarly, the valves 54a, 
54b and 54c, include first pistons 74a, 74b 
and 74c. However, it is desired that the 
valves 54, 54a, 54b and 54c be actuated by 
different pressure levels in the signal manifold 

50 36. One way of obtaining this function is to 
provide that the ratios of the cross-sectional 
areas of the first pistons 74, 74a, 74b and 74c 
relative to the cross-sectional area of the 
respective second pistons of the valves are 

55 different from each other. Thus, referring to 
Figures 4, 5, 6 and 7, it is noted that the first 
pistons 74, 74a, 74b and 74c decrease in 
cross-sectional area in sequence. Therefore, 
while the second pistons in each of the valves 

60 may be of the same cross-sectional area, by 
serially decreasing the areas of the first pis- 
tons 74, 74a, 74b and 74c, the valves will be 
actuated in sequence as the pressure in the 
signal manifold 36 progressively increases to 

65 predetermined levels depending upon the 



pressure in the signal manifold 36, the ores- 
sure in the reference manifold 44, and the 
relative ratios of the cross-sectional areas of 
the first pistons relative to the second pistons. 

Returning now to Figures 1 and 4, assume 70 
that all of the subsurface devices 12, 17, 22 
and 24 are in the closed position, and the 
valves 54, 54a, 54b and 54c are in the dump 
position as shown, input supply pressure is 
applied to the single line 32. Assume that the 75 
pressure regulator 48 is provided with a set 
point of 1 500 pounds, that is, it will limit and 
hold the downstream pressure from the regu- 
lator 48 to 1500 pounds. Since the signal 
manifold 36 is controlled by the orifice 40 in 80 
parallel with the check valve 42, the signal 
manifold control is set so that the signal mani- 
fold 36 has a signal input delay, but is quick 
dumping. The signal input delay is deter- 
mined by the diameter of the orifice 40 and 85 
capacity of the accumulator 38. The purpose 
of this arrangement is so that small pressure 
fluctuations or transients will not have an 
effect on the operation of the hydraulic valves, 
and also that free flow out of the signal mani- 90 
fold 36 will insure maximum fail safe res- 
ponse. 

While the pressure in the reference mani- 
fold 44 is limited by the pressure regulator 
set point, any input supply pressure from zero 95 
to the regulator set point, here assumed to be 
1 500 pounds, is instantly transmitted into the 
reference manifold 44 through check valve 52. 
This quick input to the reference manifold 4. 
assues that the reference manifold 44 always 100 
arrives at its prescribed operational condition 
before the time delayed signal manifold 36 
arrives at its prescribed operation. The vari- 
ablve orifice 50 in parallel with the check 
valve 52 in the reference manifold 44 pro- 105 
vides a controlled delay in the out or bleed 
direction which assures that the reference 
manifold 44 will maintain its prescribed 
operational condition after the signal mani- 
fold 36 is bled down and loses its set condition 1 10 
and this arrangement further assures maxi- 
mum fail safe condition. 

As has been indicated, the hydraulic con- 
trol valves 54, 54a, 54b and 54c have an 
actuation depending upon the pressures in 115 
the reference m^rfold 44, the signal mani- 
fold 36, and the ratios of their first and second 
pistons relative to each other. In the follow- 
ing example, it is assumed that the ratios of 
the first piston to the second piston of each of 120 
the valves 54, 54a, 54b and 54c is such that 
valve 54 is moved from a closed to an open 
position on a signal pressure of 1500 pounds, 
valve 54a moves to an open position at 2000 
pounds, valve 54b moves to an open position 125 
at 2500 pounds and valve 54c moves to an 
open position at 3000 pounds. 

At input pressure to the line 32 less than 
1500 pounds pressure hydraulic fluid flows 
freely into the reference manifold 44 and 130 



4 



4 



accumulator 46. Fluid flows from the re- 
ference manifold 44 through the pilot ports 
66, 66a, 66b, and 66c acting against the 
second pistons to move all of the control 

5 valves to the dump position as shown, and 
close off the inlets. Referring to the operating 
schedule of Figure 1A, when slightly more 
than 1500 pounds of pressure is applied to the 
line 32 and after a time delay through the ori- 

10 flee 40, fluid flows into the manifold 36 and 
accumulator 38, and this pressure will flow 
to the pilot ports 64, 64a, 64b and 64c of the 
control valve. In valve 54, since the first and 
second pistons are ecraal, the valve 54 will 

15 move to the open position since the pressure 
in the signal manifold is slightly above 1500 
pounds and the pressure in the reference 
manifold is only 1500 pounds, allowing the 
flow of actuating fluid from line 62 through 

20 the valve 54 and to hydraulic lfne 16 to actu- 
ate the subsurface safety valve 12. If desired, 
an intensifier SO may be provided in the line 
16 to increase the fluid pressure in the line 16 
to that required to operate the normally 

25 closed fail safe subsurface safety valve 12 to 
the open position. However, valves 54a, 54b 
and 54c will not be actuated at this time 
because of the smaller cross-sectional areas 
of their first pistons relative to their second 

30 pistons. 

When the pressure in the single control line 
32 is increased until 2000 psi, valve 54a is 
actuated since the increased pressure of 2000 
pounds acting on the similar first piston 74a 

35 overcomes the 1500 pound pressure acting on 
the larger second piston 76a (not shown), 
to open valve 54a and allow actuating fluid 
from line 62 to flow to line 20, at the regulator 
pressure of 1500 psi, to flow to a normally 

40 closed fail safe master gate valve 17 thereby 
opening the valve 17 into its open position. At 
this time, the pressure in the signal manifold 
36 is not sufficient to actuate control valves 
54b and 54c, but is still greater than the 

45 actuation of 1500 pounds to actuate valve 54 
and therefore valve 54 remains opened As 
the pressure in line 32 is increased, unto the 
2500 psi pressure level is obtained, valve 54b 
is actuated to the open position flowing 

50 hydraulic actuating fluid from line 62 to line 
26 to actuate wing valve 22 and move it into 
the open position. All conditions previously 
described will hold and persist until 3000 psi 
level is obtained in the fine 32 at which time 

55 valve 54c is actuated to the open position and 
hydraulic fluid from power line 62 will flow to 
line 28 to open wing valve 24. 

The closing order in Figures 1 and 1A is 
exactly the reverse of the opening order and 

60 any previous pressure level may be returned 
to which will close the control valves 54, 54a, 
54b and 54c having a higher pressure, yet 
holding valves open which have a lower pres- 
sure threshold. The closing order proceeds as 

65 quickly as the pressure in line 32 is reduced 



since the pressure in the signal manifold 36 
may be quickly dumped through the check 
valve 42 while the pressure in the reference 
manifold 44 is maintained through the time 
delay orifice 50. When the signal pressure 70 
becomes less than 1500 psi, all of the control 
valves 54, 54a, 54b and 54c are moved to 
the dumped position relieving the pressure in 
the lines 16, 26 and 28 thereby closing the 
valves 12, 17 and 24. Furthermore, any under- 75 
water fluid actuated device 12, 17 and 24 may 
be opened or closed in its specific order with- 
out regard to whether a complete closed 
cycle is performed. 

While the control system 30 shown in 80 
Figure 1 is designed so that each of the con- 
trol valves 54, 54a, 54b and 54c operate at a 
predetermined sequence and pressure level, 
they are positioned in parallel and their 
. operation is independent of each other. How- 85 
ever, the circuitry of the control system 30 
may be varied to provide a varied operating 
sequence. Referring now to Figure 2, the 
hydraulic control valves 54, 54a, 54b and 54c • 
are connected in series. That is, only the inlet 90 
56 of valve 54a is connected to the power line 
62. The inlet 65a of valve 54a is connected to 
the outlet 58 of valve 54. Therefore, valve 
54a is unable to transmit actuating fluid to 
line 20, even though valve 54a is actuated to 95 
the open position until valve 54 is opened. 
Similarly, the inlet 56b of valve 54b is con- 
nected to the outlet 58a of valve 54a, and the 
inlet 56c of valve 54c is connected to the out- 
let 58b of valve 54b. This series connection 100 
of the control valves 54, 54a, 54b and 54c 
provides further assurance that the under- 
water devices 12, 17, 22 and 24 are opened in 
sequence. 

A varied operating sequence is achieved in 105 
Figure 2 by rearranging the power oorts of 
valve 54c so that valve 54c in Figure 2 is in the 
normally opened position instead of the dump 
position. Therefore, as indicated in the opera- 
ting schedule in Figure 2A, while the opera- 110 
tion and sequence of the system of Figure 2 is 
the same as that shown in Figures 1 and 1 A for 
the first three sequencing steps, the operation 
becomes different when the pressure in the 
control line 32 reaches 2500 pounds. That is, 115 
at 2500 pounds, valve 54b is opened which 
supplies actuating fluid to line 28 to actuate 
wing valve 24. However, since control valve 
54c is normally open, actuating fluid from 
port 58c of valve 54b flows through the inlet 120 
56c and outlet 58c of the control valve 54c to 
simultaneously supply actuating fluid to line 
26 and actuate wing valve 22. Then, when the 
pressure in the control line 32 reaches 3000 
pounds, valve 54c is actuated to the dump 125 
position closing wing valve 22. Therefore, by 
selective connection of the circuitry, varia- 
tions in the operating sequence may be pro- 
vided. 

The present invention, therefore, is well 130 
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adapted to cany out the objects and attain 
the ends and advantages mentioned as well 
as others inherent therein. While presently 
preferred embodiments of the invention are 
5 given for the purpose of disclosure, numerous 
changes in the details of construction and 
arrangement of parts will readily suggest 
themselves to those skilled in the art and 
which are encompassed within the scope of 
10 the appended claims. 

WHAT WE CLAIM IS: — 

1. A hydraulic control system for con- 
trolling a plurality of hydraulically actuated 

15 underwater devices comprising, 

a single hydraulic control line extending 
underwater, 

a pressure regulator connected to the single 
hydraulic line, 

20 a reference hydraulic manifold connected 
to said single control line donwstream of said 
pressure regulator, 

a signal hydraulic manifold connected to 
said single control line upstream of the pres- 

25 sure regulator, and 

a pilot actuated hydraulic control valve 
having an inlet and outlet and controlling the 
flow of hydraulic actuating fluid and con- 
nected to each of said underwater devices, said 

30 pilots of each valve being connected to said 
reference manifold and to said signal mani- 
fold, the pilots of each of said valves being 
actuated by different pressure levels in said 
signal manifold whereby the underwater 

35 devices may be controlled in a desired se- 
quence by applying predetennined pressure 
levels to said single hydraulic control line. 

2. A hydraulic control system for con- 
trolling a plurality of hydraulically actuated 

40 underwater devices comprising, 

a single hydraulic control line extending 
underwater, 

a hydraulic control valve having an inlet 
and an outlet and controlling the flow of hy- 

45 draulic actuating fluid and connected to each 
of said underwater devices, each of said 
control valves being controlled for movement 
to open and closed positions by first and se- 
cond pistons, the ratio of the cross-sectional 

50 area of the first piston relative to the cross- 
sectional area of the second piston of at least 
one of the valves being different from the 
ratio of the cross-sectional area of the first 
piston relative to the cross-sectional area of 

55 the second piston of another of said control 
valves, 

a reference hydraulic manifold connected 
to said single control line and to said second 
pistons of each valve for holding a reference 
60 pressure on said second pistons, and a pres- 
sure regulator connected to the reference 
manifold, 

a signal hydraulic manifold connected to 
said single control line and to the first pis- 
65 tons of each valve whereby said control valves 



and said connected underwater devices may 
be controlled in a desired sequence by apply- 
ing predetermined pressure levels to said 
single hydraulic control line. 

3. The apparatus of claim 2 wherein the 70 
inlet of each of the hydraulic control valves is 
connected to said single control line. 

4. The apparatus of claim 2 wherein the 
inlet of one of the hydraulic control valves is 
connected to said single control line and the 75 
outlet of said one control valve is connected 

to the inlet of another hydraulic control 
valve. 

5. The apparatus of claim 2 including an 
orifice valve and check valve in parallel and 80 
positioned in the reference manifold in which 

the check valve is directed to pass fluid to- 
ward said second pistons. 

6. The apparatus of claim 2 including an 
orifice valve and a check valve in parallel and 85 
positioned in the signal manifold in which the 
check valve is directed to pass fluid from said 
first pistons. 

7. A hydraulic control system for con- 
trolling a plurality of hydraulically actuated 90 
underwater devices comprising, 

a single hydraulic control line extending 
underwater, 

a hydraulic control valve having an inlet 
and an outlet and controlling the flow of 95 
hydraulic actuating fluid and connected to 
each of said underwater devices, each of said 
control valves being controlled for movement 
to open and closed positions by first and 
second pistons, the ratios of the cross-sec- 100 
tional area of the first piston relative to the 
cross-sectional area of the second piston of 
the valves being different from each other, 

a pressure regulator connected to the single 
hydraulic control line, 105 

a reference hydraulic manifold connected to 
said single control line downstream of said 
pressure regulator and connected to said 
second pistons of each valve for holding a 
reference pressure on said second pistons, and 110 

a signal hydraulic manifold connected to 
said single control line upstream of the pres- 
sure regulator and connected to the first pis- 
tons of each valve whereby said control valve 
and said connected underwater devices may 115 
be controlled in a desired sequence by apply- 
ing predetermined pressure levels to said 
single hydraulic control line. 

8. The apparatus of claim 7 wherein the 
inlets of each of the hydraulic control valves 120 
are connected to the single control line down- 
stream of the pressure regulator. 

9. The apparatus of claim 7 wherein the 
inlet of one of the hydraulic control valves is 
connected to the single control line down- 125 
stream of the pressure regulator and the inlets 
and outlets of the other control valves are 
connected in series with the one control 
valve. 

10. The apparatus of claim 7 including, 130 
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an orifice valve and check valve in parallel 
and positioned in the reference manifold in 
which the check valve is directed to pass 
fluid toward said second pistons, and 

an orifice valve and a check valve in paral- 
lel and positioned in the signal manifold in 
which the check valve is directed to pass fluid 
from said first pistons. 

11. A hydraulic control system, for con- 
trolling a plurality of hydraulically actuated 



underwater devices, substantially as described 
herein with reference to figs. 1, 1 A and 3 to 7, 
or with reference to figs. 2, 2A and 3 to 7, of 
the accompanying drawings. 

For the Applicants: * 
CHATWIN & COMPANY, • 
Chartered Patent Agents, 
253 Gray's Inn Road, 
Lond6nWClX8QX. 
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